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Menke et al 7 analyzed the database of the Third National Health and Nutrition Examination Survey (NHANES III) to investigate the relation between total and cause-specific mortality and blood lead in a representative sample of the US population. All 13 946 participants (Ն17 years of age) included in the analysis had a blood lead concentration Ͻ0.48 mol/L (10 g/dL). (To convert micromoles per liter of lead into micrograms per deciliter, multiply by 20.712.) Follow-up lasted until December 31, 2000. With adjustments applied for confounders, subjects in the highest third of the blood lead distribution (Ն0.17 mol/L), as compared with those in the lowest third (Ͻ0.09 mol/L), experienced a significantly higher risk of death. Estimates of the excess risk amounted to 25% and 55% for total and cardiovascular mortality, respectively, and 89% and 151% for myocardial infarction and stroke. 7 The blood lead concentration did not predict mortality from cancer. These risk estimates withstood adjustment for confounders, including race-ethnicity, sex, age, body mass index, current or former smoking, alcohol intake, diabetes, C-reactive protein, total cholesterol, physical activity, low income, high education, urban residence, and postmenopausal status. Sensitivity analyses of total mortality stratified for race, sex, age, body mass index, smoking, hypertension, diabetes, calculated glomerular filtration rate, and urban versus rural residence also produced consistent results. Spline regression models additionally demonstrated that the all-cause and cardiovascular mortality started to rise at blood lead levels as low as 0.10 mol/L. 7 Two previous population studies 8, 9 documented an association between total mortality and blood lead, albeit at higher blood lead concentrations than in the Menke et al 7 report. Among 1052 inhabitants recruited in 1976 at 40 years of age in Copenhagen County (Denmark), the blood lead concentration was 0.46 mol/L in women and 0.66 mol/L in men. 8 Blood lead fell by Ϸ30% over the first 5 years of follow-up. Over 14 years, 46 deaths occurred, and the incidence of fatal and nonfatal events totaled 54 for cardiovascular disorders and 40 for coronary heart disease. With adjustments applied for sex, serum cholesterol, smoking, and alcohol intake, the risk associated with blood lead at baseline was of borderline significance (Pϭ0.03) for total mortality but it was not significant for fatal and nonfatal cardiovascular disease or coronary complications. Further adjustment for alcohol intake weakened the hazard ratio for total mortality to a nonsignificant level (Pϭ0.12). 8 The NHANES II investigators recruited participants (age, 30 to 74 years) from 1976 until 1980. Of the 4292 subjects who had their blood lead measured at baseline, 102 were excluded from analysis because their lead concentration exceeded the contemporary standard of the Occupational Safety and Health Administration (1.45 mol/L). Of the remaining 4190 subjects, 929 had died by December 31, 1992. 9 Compared with the reference group with a blood lead concentration Ͻ0.48 mol/L, the multivariate-adjusted hazard ratios were significant for total (1.46), cardiovascular (1.39), and cancer (1.68) mortality in the subgroup with a blood lead concentration of Ն0.97 mol/L but not in the subgroup with intermediate levels (hazard ratios, 1.17, 1.10, and 1.46, respectively). 9 The report from Lustberg and Silbergeld 9 did not provide any rationale for the cutoff thresholds to categorize the NHANES II participants or information on the number of subjects or deaths per category. In 2004, the same group reported a cross-sectional analysis of 2125 participants who were 40 years of age in the 1999 to 2000 NHANES survey. 5 The mean blood lead concentration was 0.10 mol/L. Peripheral arterial disease was defined as an ankle brachial index Ͻ0.9 in at least one leg. With cumulative adjustment for demographics and cardiovascular risk factors, the odds ratios in quartiles 2 to 4 of the blood lead distribution compared with the lowest quartile were 1.63 (95% CI, 0.51 to 5.15), 1.92 (95% CI, 0.62 to 9.47), and 2.88 (95% CI, 0.87 to 9.47), respectively. 5 Although the CIs of the odds ratios encompassed unity, the probability value for trend was 0.02. Navas-Acien et al 5 concluded that peripheral arterial disease was associated with blood lead levels well below current safety standards. In 428 participants in the Flemish Study on Environment, Genes, and Health Outcomes, 10 we replicated the observations of Navas-Acien et al, albeit it at a mean lead concentration of 0.43 mol/L.
In the Menke et al 7 study, the association of total and cardiovascular mortality with blood lead persisted after adjustment for hypertension, an estimated glomerular filtration rate Ͻ60 mL · min Ϫ1 · 1.73 m Ϫ2 , and C-reactive protein. These observations suggest, but by no means prove, that mechanisms other than hypertension, impaired renal function, and inflammation might underlie the observed associations. Indeed, with the exception of cases of frank lead intoxication, 1 the relation between hypertension and exposure to lead, remains controversial.
The suspicion that environmental lead exposure might play a role in the pathogenesis of hypertension arose mainly after publication of NHANES II reports 11, 12 describing a direct relation between blood pressure and blood lead, which was particularly strong in white middle-aged men. However, other researchers found later that the positive correlation in 40-to 59-year-old men did not characterize the other sex and age strata and questioned the quality of the blood pressure measurements. 13, 14 In a meta-analysis of 31 studies, 15 we found that a doubling of the blood lead concentration entailed increases in blood pressure averaging 1.0 mm Hg (0.5 to 1.4 mm Hg) systolic and 0.6 mm Hg (0.4 to 0.8 mm Hg) diastolic. Furthermore, in 1985 to 1989, we randomly selected 728 subjects (Ն20 years of age) from a Belgian population. 16 Over 5.2 years of follow-up (median), the mean blood lead concentration, initially 0.42 mol/L, dropped by 32%. In this prospective study, 16 we did not notice any consistent relation between the changes over time in blood pressure on conventional sphygmomanometric measurement and those in blood lead. Moreover, the blood lead concentration at baseline did not predict the 24-hour ambulatory blood pressure at follow-up. Ambulatory blood pressure recordings have high reproducibility, are not subject to digit preference or observer bias, and avoid the transient rise in a patient's blood pressure in response to a medical environment, the so-called white-coat effect. Cheng et al 17 reported on 519 men enrolled in the Normative Aging Study who were free of hypertension at baseline. With adjustments applied for the linear and squared terms of age, body mass index, family history of hypertension, alcohol use, and calcium intake, the standardized hazard ratios for the risk of hypertension over the 5.5-year follow-up were 1.37 (95% CI, 0.02 to 2.73) for tibia lead, a biomarker for long-term exposure, but only Ϫ0.13 (95% CI, Ϫ1.35 to 1.09) for blood lead. Unfortunately, the Cheng et al 17 analysis was not adjusted for baseline blood pressure or for the percentage change in body weight, both of which are important determinants of the incidence of hypertension. 18 Finally, our own analysis of the NHANES III database 19 demonstrated only a weak multivariate-adjusted association between blood pressure and blood lead in blacks but not in whites.
The evidence that changes in renal function might represent an intermediate mechanism possibly explaining the association between mortality and environmental lead exposure might be more plausible than that of hypertension. In 1992, in a cross-sectional population study of 1016 women and 965 men (Ն20 years of age) with mean blood concentrations of 0.36 and 0.55 mol/L, respectively, we observed that a 10-fold increase in blood lead was associated with a 10-to 12-mL/min reduction in the measured creatinine clearance. 4 More recently, in adolescents with a mean blood lead concentration of 0.09 mol/L, we noticed an independent and positive association of the serum concentration of cystatin-c and the urinary excretion of ␤ 2 -microglobulin with blood lead. 3 Serum cystatin-c is a measure of glomerular filtration that, unlike serum creatinine, is independent of sex, age, height, and body composition. ␤ 2 -Microglobulin passes through the glomerular filter but is subsequently completely absorbed by the renal tubules. Our observations, 3, 4 in agreement with other reports, 20 suggested that in adolescents environmental lead exposure can affect both glomerular and tubular renal function. Reverse causality is always an issue in observational studies. However, the alternative hypothesisthat slight renal dysfunction, resulting from innate or acquired causes, might reduce the renal excretion of lead and explain the positive association between renal dysfunction and the blood lead concentration-is unlikely. Indeed, Lin et al 21 reported that high-normal levels of chelatable lead predicted the decline of renal function in patients with chronic renal insufficiency. Moreover, chelation therapy in these patients improved renal function and slowed the progression of renal impairment. 21 These findings implied that, in line with the findings in intoxicated workers 1 and in environmentally exposed subjects, 3, 4 increased blood lead must be the cause rather than the consequence of renal impairment. In addition to renal dysfunction, several other mechanisms might underlie the toxic effects of lead on the cardiovascular system such as enhanced vascular reactivity to sympathetic stimulation, enhanced oxidative stress, and diminished DNA repair, which might be relevant for rapidly dividing cells in the inflamed arterial wall.
Menke et al 7 carefully discussed the results of their study within the context of its possible limitations such as residual confounding. Two major limitations and one strong point deserve to be highlighted. First, blood lead has a half-life of Ϸ30 days. Its concentration in the blood primarily reflects recent exposure and can revert to normal when exposure ceases. 1 However, within days to weeks, lead is stored in tissues, particularly bones, which hold Ϸ90% of the body burden. Bone lead has a biological half-life ranging from 7 years to several decades. 1 Bone remodeling, like that which occurs in postmenopausal women, releases lead into the blood, a process described as endogenous contamination. Thus, in the Menke et al report, 7 the blood lead concentrations might reflect exposure levels before 1988 to 1994, which were considerably higher than at present. Second, the introduction of intensive care units, invasive coronary procedures, and thrombolysis reduced the case-fatality rate of cardiovas-
